Phenylalanine and tyrosine metabolism in chronic kidney failure.
In chronic kidney failure, there is impairment in the conversion of phenylalanine to tyrosine. As a result, tyrosine and the tyrosine/phenylalanine ratio are reduced in plasma and many tissues, and phenylalanine concentrations tend to be normal or slightly increased. Although animal studies indicate that the kidney is not a major contributor to the conversion of phenylalanine to tyrosine, human studies conducted in the postabsorptive state suggest that the kidney plays a major role in the uptake of phenylalanine and its hydroxylation and release as tyrosine. The human splanchnic bed in the postabsorptive state also displays net uptake of both phenylalanine and tyrosine and hydroxylation of substantial amounts of phenylalanine to form tyrosine. In chronic renal failure (CRF) patients, splanchnic uptake of tyrosine appears to be reduced in the postabsorptive state. After an amino acid meal, there is net release of phenylalanine from the splanchnic bed in normal subjects and to an even greater degree in CRF patients; tyrosine is released postprandially in both normal subjects and CRF patients. In the postabsorptive state, tyrosine release from the kidney is largely derived from the hydroxylation of phenylalanine. In CRF, the release of tyrosine from the kidney is reduced and this reduction may be marked with advanced CRF. These observations, as well as isotope studies indicating normal phenylalanine flux, reduced tyrosine flux and impaired conversion of phenylalanine to tyrosine in CRF patients, raise the possibility that tyrosine may be an essential amino acid in this condition. Further research will be necessary to answer this question. Oxidative stress, which often increases in CRF patients, may lead to increased formation of chlorotyrosine and nitrotyrosine in plasma proteins and of nitrotyrosine in the brain. Increased nitrotyrosine is also found in kidneys of patients with diabetic nephropathy or allograft nephropathy. Increased serum concentrations of oxidation products of phenylalanine have also been observed in patients with CRF. Impaired urinary excretion also may lead to accumulation of metabolic products of both phenylalanine and tyrosine in CRF. It is not known whether the elevated protein chlorotyrosine or nitrotyrosine or increased oxidative products of phenylalanine cause adverse metabolic or toxic effects in patients with CRF.